BACKGROUND: Postoperative adhesions are common after surgery and can cause small-bowel obstruction (SBO) and require adhesiolysis. The impact that laparoscopy and other surgical advances have had on rates of SBO and adhesiolysis remains controversial. This study examines trends in discharges from US hospitals for SBO and adhesiolysis from 1988 to 2007.
Adhesions are fibrous connections that develop in response to trauma or surgical interventions involving the intraperitoneal cavity. These fibrous bands are thought to occur in up to 93% of patients undergoing an intra-abdominal surgical procedure. [1] [2] [3] [4] Adhesion formation can result in significant morbidity and mortality, including small-bowel obstruction (SBO) and infertility in women. 4 -6 Adhesionrelated complications also are responsible for up to 74% of cases of SBO in adults 7 and 30% of re-admissions at 4 years after an incident intra-abdominal surgery. 8 Such complications constitute a substantial amount of health care spending. 9 -11 The incidence of small-bowel obstruction and other adhesion-related complications is thought to vary significantly with surgery type, with surgery involving the small or large bowel resulting in higher rates of this complication compared with those involving the foregut. 12 In recent decades, there has been a dramatic increase in laparoscopic intra-abdominal surgery. However, it is unknown whether this has translated into fewer postoperative complications as a result of adhesions. A 2004 review of 11 experimental studies involving animal models and 4 studies involving human beings described decreased rates of adhesion formation after laparoscopy, but there was significant heterogeneity among the human studies. 13 Furthermore, some evidence suggests that this decrease in adhesion formation has not necessarily translated to a decrease in adhesion-related obstruction. For example, in a recent randomized multicenter trial comparing outcomes in laparoscopic versus conventional approaches in colorectal surgery for malignancy, there was no difference between the 2 groups in obstruction-related complications at 3 years of follow-up evaluation. 14 In addition to the growing use of laparoscopy, there have been multiple barrier agents introduced to prevent adhesions. These agents include physical barriers such as hyaluronic acid and carboxymethylcellulose (Seprafilm: Genzyme, Cambridge, MA), oxidized regenerated cellulose (Interceed: Ethicon, Cornelia, GA), expanded polytetrafluoroethylene (Preclude: Gore, Flagstaff, AZ), and topical gels such as SprayGel: Confluent Surgical, Waltham, MA. Although these agents appear to decrease adhesions overall, there is conflicting evidence with regards to their efficacy in decreasing the rate of SBO over time, [15] [16] [17] and as such their use has been limited.
The impact that increasing use of laparoscopic methods and barrier agents have had on rates of obstruction and adhesiolysis in routine clinical practice remains unexplored. If laparoscopy or barrier agents are effective in reducing rates of adhesion formation, one would expect a decreasing rate of bowel obstruction and adhesiolysis as these surgical techniques become more common. Therefore, in this study we examined rates of discharges from US hospitals for small-bowel obstruction and adhesiolysis from 1988 to 2007, using population-based data from the National Hospital Discharge Survey (NHDS).
Methods

Data source
The NHDS, which has been conducted since 1965, abstracts medical and demographic information such as sex, age, race, marital status, length of stay, up to 7 diagnosis codes and 4 procedural codes, hospital region, and payer data from nonfederal, short-stay hospitals in the United States. 18 There were 5,983 to 8,017 hospitals meeting the eligibility criteria to participate in the NHDS during the study period. From these, the NHDS samples approximately 500 to 550 hospitals each year, and approximately 450 hospitals respond to survey requests. Initially, NHDS data were recorded manually onto predefined data collection sheets by National Center for Health Statistics staff, US Bureau of the Census staff, and local hospital employees. Since 1985, some hospitals have used computer-based data collection. The method of data collection was not recorded in the final data set. The primary sampling unit is considered to be geographic area, and hospitals are selected within each primary sampling unit, with probabilities proportional to their annual number of discharges.
NHDS data are collected in a stratified, multistage probability design, using a 3-stage sampling plan that was implemented in 1988, making comparisons between data collected from 1965 to 1987 and after 1987 difficult to interpret because trends may be the result of modified sampling procedures as opposed to actual changes in rates. As such, this study only used data from 1988 to 2007.
Diagnosis and procedure codes are recorded in the NHDS data using the International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM). Application of sampling weights allow for extrapolation to US population-based estimates of rates of hospitalization for a given diagnosis for each year. 
Inclusion criteria
Hospital discharges for individuals older than age 15 years were selected via appropriate diagnostic and procedural codes for SBO and adhesiolysis. We excluded children younger than age 15 because the etiology of SBO in children often is different from that in adults. This also allowed us to conform to the predefined methods for assessing standard error and relative standard error of the survey data, using constants provided with the dataset. 18 These constants are available for age groups predetermined by the NHDS: 15 to 44 years, 45 to 64 years, and age 65 years and older.
ICD-9-CM codes 560.81, 560.89, and 560.9 were used to identify SBO. These same ICD-9-CM codes were used during the entire study period for these diagnoses. For adhesiolysis, ICD-9-CM codes 54.51 (laparoscopic lysis of peritoneal adhesions) and 54.59 (other lysis of peritoneal adhesions) were selected. Of note, before 1996, the code for adhesiolysis was 54.5, with the change likely representing increased use of laparoscopic techniques. As such, this code was used from 1987 to 1996. For both SBO and adhesiolysis codes, our primary analysis looked at the presence of one of these codes at any diagnostic code (1-7) or procedural code (1-4) position. As a secondary analysis, we assessed for the presence of these codes in only the first diagnostic or procedure code position because this most likely would represent the primary reason for admission.
Because postoperative complications only occur in patients with prior surgery, we also examined trends in intraabdominal surgeries over the same time period. We used 366 ICD-9-CM codes to identify any intra-abdominal surgery other than adhesiolysis (Appendix I). Because some surgeries may be performed as outpatient procedures, we also examined trends for partial or total colectomy because these surgical procedures typically are associated with admission.
The association of adhesiolysis at the time of another intra-abdominal surgery also was assessed. To perform this analysis, we looked at discharges with both an ICD-9-CM code for an intra-abdominal surgery as well as a code for adhesiolysis as described earlier. We also calculated those adhesiolysis procedures not associated with intra-abdominal surgery via subtracting the associated group from the total adhesiolysis.
Statistical analysis
All statistical analyses were conducted in 3 age groups: 15 to 44 years, 45 to 64 years, and older than 65 years, allowing for exclusion of children while allowing for calculation of relative standard errors using constants provided by the NHDS. Stata version 11.1 (Statacorp, College Station, TX) was used to convert all data into total discharges for each diagnostic code for SBO or adhesiolysis, using data dictionaries and templates developed via the Interuniversity Consortium for Political and Social Research. 19 By using provided values and equations in the NHDS documentation, relative standard errors (RSEs) were calculated. 18 Per recommendations of the NHDS, any estimates with a sample size less than 30 or a RSE greater than 30% should not be reported because of instability in the weighted estimates. All diagnostic codes for small-bowel obstruction and adhesiolysis met these criteria for each year in the study. Rates per US population then were calculated using US census data for each year in the appropriate age category.
The Spearman correlation coefficient was used to assess for secular trends over time in the rates of hospitalization for SBO and adhesiolysis. Similarly, correlation coefficients were calculated for each individual diagnostic code by survey year to assess for trends in each small-bowel obstruction diagnostic code. The same procedure could not be performed for adhesiolysis because the primary code 54.5 split to 54.59 and 54.51 in 1996. Similar methods were used to calculate correlation coefficients for total abdominal surgeries, colectomy, and adhesiolysis performed with and without an associated abdominal surgical code.
Results
After application of year-specific weights, there was an estimated total of 5,434,268 discharges for any diagnostic code for SBO during the study period, and annual rates ranged from 579 to 654 per 100,000 population. Annual rates for SBO varied by age category, ranging from 28.9 to 41.6 per 100,000 among those ages 15 to 44 years, from 120.8 to 155.8 per 100,000 among those ages 45 to 64 years, and from 402.5 to 480.6 per 100,000 among those age 65 years and older (Fig. 1) . From 1988 to 2007, there was no significant trend in hospitalization rates for SBOs (Spearman ϭ .140; P ϭ .28). When stratified by age group, there was a significant increase in hospitalizations for SBO in the age group of 15 to 44 years (Spearman ϭ .70; P Ͻ .01) ( Table 1) . By using only the most specific code for adhesion-related SBO (560.81), there were a total of 1,602,613 discharges over the study period with similarly stable rates over the course of the study period (P Ͼ .1 overall and within each age group). When assessing for the presence of a diagnostic code for SBO as the primary diagnosis (ie, in the first diagnostic code position), there was no significant trend for any of the codes assessed (data not shown).
With regard to trends in adhesiolysis, a total of 6,453,643 procedures were coded during the study period after extraction and application of population weights, and total annual rates ranged from 485.3 to 595.9 per 100,000. As seen with SBO, annual rates for adhesiolysis also varied by age category, and ranged from 95.3 to 142.1 per 100,000 for those age 15 to 44 years, 138.4 to 171.2 for those 45 to 64 years, and from 229.0 to 307.2 per 100,000 for those older than 65 years (Fig. 2) . There was a decreasing trend in annual rates of adhesiolysis, but this trend was not statistically significant (Spearman ϭ Ϫ.18; P ϭ .17). When stratified by age category, there was a significant downward trend in both the group that was older than age 65 years ( ϭ Ϫ.55; P ϭ .01) and the age group of 15 to 44 years ( ϭ Ϫ.84; P Ͻ .01), although the absolute magnitude of change was small. Given changes in coding that occurred in 1996, individual codes were not assessed. When assessing for the presence of an adhesiolysis code as the first procedural code, there was also no significant trend (data not shown).
Because postoperative complications only occur in patients with prior surgery, we also examined trends in intraabdominal surgeries over the same time period. These data showed decreasing rates of inpatient intra-abdominal surgery from 1988 to 2007 overall ( ϭ Ϫ.29; P ϭ .03), with significant decreasing trends in all 3 age groups as well (Table 1) . However, overall rates of colectomy were stable over the study period ( ϭ Ϫ.02; P ϭ .83). Rates of hospitalization for SBO per 100,000 persons from 1988 to 2007. Diamonds represent discharges for those age 15 to 44 years, triangles represent those age 45 to 64 years, and circles represent those age 65 and older. There was no significant trend overall ( ϭ .14; P ϭ .28). Those age 15 to 44 years did have a significant upward trend ( ϭ .70; P Ͻ .01), although events were low in this age group.
We also assessed the proportion of adhesiolysis procedures that were associated with another intra-abdominal surgery. Most adhesiolysis procedures were associated with another intra-abdominal surgery, ranging from 75% to 88% of all adhesiolysis procedures performed. There was no significant trend in adhesiolysis procedures performed in the setting of another surgery overall ( ϭ Ϫ.22; P ϭ .09), although there was a decreasing trend in adhesiolysis procedures performed with another surgery in those age 15 to 44 years ( ϭ Ϫ.88; P Ͻ .01) and those older than age 65 years ( ϭ Ϫ.65; P Ͻ .01). Rates of adhesiolysis without an associated abdominal surgery ranged from 76.1 to 122 per 100,000 population. There was no significant trend in the overall population during the study period ( ϭ .16; P ϭ .22), although there did appear to be an increasing rate among those age 15 to 44 years and those age 45 to 64 years (Table 1) .
Comments
Small-bowel obstruction as a result of adhesions remains a common complication of intra-abdominal surgeries. Our study showed that in the United States there are between 224,015 and 344,080 hospitalizations for SBO and between 290,840 and 348,662 hospitalizations with performance of adhesiolysis surgery in people age 15 or older each year. Equally important, despite advances in surgical techniques, there was no significant decrease in these rates over a 20-year period. Most of these adhesiolysis procedures were associated with another intra-abdominal surgery.
It currently is debated what impact recent advances in surgical methods may have on the rates of adhesion-related complications. With the increasing popularity and application of laparoscopic surgical techniques in the 1990s and 2000s, one would expect that the rates of this complication should be decreasing over time if laparoscopic methods cause fewer adhesions and fewer SBOs. However, we observed that rates of hospitalization for SBO and adhesiolysis were stable over the 20-year study period. This would suggest that although laparoscopic techniques are becoming more commonplace, they have not had a significant impact on the rates of SBO over time. Code 560.81 includes intestinal or peritoneal adhesions with obstruction (postoperative) (postinfection); code 560.89 includes other specified intestinal obstruction; and code 560.9 includes unspecified intestinal obstruction.
*Rates are per 100,000 US citizens standardized by US census data.
Figure 2
Rates of hospitalization for adhesiolysis per 100,000 persons from 1988 to 2007. Circles represent those age 15 to 44 years, diamonds represent those age 45 to 64 years, and triangles represent those age 65 years and older. Although there was no significant trend overall for adhesiolysis ( ϭ Ϫ.17; P ϭ .19), there were statistically significant decreasing rates over time in those age 15 to 44 years ( ϭ Ϫ.84; P Ͻ .01), and those age 65 years and older ( ϭ Ϫ.55; P ϭ .01).
In addition to increasing use of laparoscopy, the development and application of barrier methods also could decrease rates of SBO and need for adhesiolysis. Such agents include oxidized regenerated cellulose (Interceed), Gore-tex (Gore, Flagstaff, AZ), Fibrin film, and modified hyaluronate and carboxymethylcellulose (Seprafilm). Although these agents do appear to decrease rates of adhesion formation, their efficacy in reducing adhesion-related complications has remained controversial. 20, 21 Our data support the hypothesis that these methods have not had a marked impact on SBO rates. We examined rates of use of these agents in the NHDS data and as expected there appeared to be increasing use among all but our oldest age group. However, the data had high RSEs and therefore are not presented so as to be consistent with NHDS reporting guidelines. Larger studies are needed to assess trends in use of these agents more accurately.
Interestingly, although overall rates of adhesiolysis remained stable from 1988 to 2007, this procedure did appear to be decreasing over time in those older than 65 years of age and those between 15 and 45 once stratified by age. It is important to note that, although the correlation in these age groups is statistically significant, the absolute magnitude of change has been small. Although most adhesiolysis was performed in conjunction with another surgical procedure, these decreasing rates of adhesiolysis may represent a change in current philosophy in the management of adhesive-related complications, as more surgeons are comfortable providing supportive care for these patients, using parenteral nutrition and serial imaging as opposed to surgical intervention. It is also interesting to note that the rates of adhesiolysis without an associated intra-abdominal procedure were increasing in those age 15 to 44 years and in those age 45 to 64 years, although the rates of these procedures were much lower than adhesiolysis with an associated intraabdominal procedure.
There are several possible interpretations of this study. It is possible that laparoscopy may have no affect on rates of SBO rates owing to adhesions. This is consistent with the results of prior research showing rates of obstructive complications that were similar in those who underwent laparoscopically assisted colectomy versus open colectomy, although the overall event rate of SBO in this study was low.
14 It also may be possible that the overall increased use of laparoscopy may have occurred too late in the timeframe assessed in the NHDS to have an impact on the rates of obstruction. This hypothesis would be contradictory to the results shown in the Surgical and Clinical Adhesions Research-3 trial, however, which showed a possible plateau in rates of complications after 5 years. 22 Alternatively, SBO as a result of adhesions could be decreasing whereas SBO owing non-adhesion-related causes was increasing. Although we are unable to assess for the presence of prior abdominal surgery given the nature of NHDS data, one would expect to see decreasing rates in our analysis using the adhesion-specific diagnostic code alone if this were true.
Rather, we saw stable rates. Finally, if the proportion of the population with prior intra-abdominal surgery has increased, then the size of the population at risk for postoperative adhesion-related complications would be larger in successive years and the actual incidence of SBO could be decreasing in that population. However, when we examined trends in intra-abdominal surgery during the same time period, the annual rates per 100,000 population were decreasing as opposed to increasing.
There are several possible explanations for decreasing rates of adhesiolysis in the 2 age groups, while rates of SBO remain stable. As previously mentioned, the widespread availability of parenteral nutrition coupled with advancements in the ease of acquisition and breadth of imaging modalities may allow for increased use of supportive measures, decreasing the need for adhesiolysis while following patients for clinical resolution. These advances may have shifted the perceived risk benefit balance of observation versus adhesiolysis in favor of the nonsurgical approach, particularly in the elderly and those with multiple comorbidities. Another possibility is that although barrier methods may not have an effect on rates of SBO, these agents may influence the clinical course of SBO, reducing the need for surgical intervention. Furthermore, unmeasured effects of various medications prescribed for other medical conditions potentially could limit the need for such procedures via idiosyncratic effects on the course of adhesion-related SBO. 23 These hypotheses should be assessed in future studies.
There were several potential limitations of this study. Use of survey data such as NHDS does not allow for assessment of individual-level characteristics or follow-up evaluation over time. Therefore, individual patients may contribute to multiple admissions in the same or different calendar years. This may explain the increasing rates of SBO in younger age groups, although overall rates remained low. In addition, the NHDS does not allow one to estimate the rate of admission among the subgroup of the population who has had a prior intra-abdominal surgery and whether the prior surgery used laparoscopy or barrier methods. However, this does not minimize the importance of these data from a public health perspective. It was not possible to determine the accuracy of the diagnostic and procedure codes used in our study, but any misclassification should not differ across study years. However, it is possible that there have been trends in coding patterns, such as increased coding for incidental adhesiolysis as part of another surgery. Such changes could bias toward higher rates of adhesiolysis in the latter portion of the study period. However, when we examined adhesiolysis listed as the primary procedure and SBO as the primary diagnosis the results were similar to those reported here (data not shown).
In summary, SBO remains a major health problem. In this study sampling hospitals throughout the United States, rates of SBO have remained stable over the past 2 decades. The overall rates of adhesiolysis were stable as well, al-though there did appear to be small decreases in the oldest and youngest age categories. Developing safe and effective interventions to prevent postoperative SBO remains a priority.
